ischaemia, migraine, epilepsy and presenile dementia had normal brain scans.
The value and limitations of this investigation have been discussed. Introduction
In recent years radioactive isotopes have been used increasingly in both the diagnosis and treatment of a wide variety of disorders. In neurological and neurosurgical practice, isotope brain scanning has been found to be of value in many centres because of its convenience and reliability. Although expensive in capital outlay and running costs, this must be balanced against the financial saving which frequently results from its use on an out-patient basis, and the consequent saving of costly admission to hospital.
In order to assess the value and limitations of this investigation we have studied the results obtained over the past 3 years in the Physics department of the United Birmingham Hospitals. The technique used stems from the work of Moore (1948) , who reported his findings in patients given intravenous diiodo-fiuorescein labelled with radioactive iodine.
On scanning their heads with a portable GeigerMuller tube, he was able to identify areas of increased radioactivity which corresponded with the sites of tumours later found at operation. Many different radioactive substances have since been tried, but the one in most common use now is technetium pertechnetate (Tc99m). It combines the advantages of suitable single energy gamma-emission and a short half-life, with a total body radiation dose of the order of 100 mrad.
Method
Our practice has been to give 5 mCi of technetium99m intravenously, preceded by Lugol's iodine or perchlorate orally to reduce uptake of radioactive material by the thyroid gland and choroid plexus. Both colour and photoscans were recorded by a Picker Magnascanner, anterior and both lateral views being carried out on all patients, and a posterior view if this was indicated on clinical grounds. Scanning was started 15 min after the isotope had been given, the whole procedure taking about 1 hr. Individual scans were considered to be positive if they showed an abnormal area of increased radioactivity. In certain instances, one view revealed a suspicious shadow which could not be identified on the corresponding scan taken at right angles. These scans were deemed equivocal.
Results
During the 3 years up to the end of June 1970, 667 scans have been performed on 636 patients, the discrepancy in numbers being due to repeat studies on thirty-one cases. In thirty-five patients the clinical information was insufficient to justify an accurate diagnostic label (twenty-four of these being suspected of having cerebral metastases). They were therefore discarded leaving 632 scans for analysis.
Of these, 158 (25%) were positive and 441 (70%) negative. The remaining thirty-three (5/0) scans were considered to be equivocal.
Tumours
In this series there were 204 patients with cerebral neoplasms (Table 1) . The nineteen patients with meningiomas all had positive scans. Five of these, including the only example arising in the posterior fossa, had recurred after previous removal. Histologically proven astrocytomas were found in fiftytwo patients and of these thirty-six (67%Y) had positive scans. As can be seen from Table 1 , a much higher proportion of abnormal results was found in the malignant (Kernohan grades 3 and 4) tumours than in the more benign and slowly growing (grades 1 and 2) neoplasms (84% and 52% respectively). Two of the benign group arose in the cerebellum, both of these being revealed by scanning, and six were recurrent growths.
Of ninety patients with cerebral metastases, scanning was positive in sixty (67%). Histological proof of the nature of the tumour, either from operation or post-mortem examination, was available in only twenty-seven patients, but a further sixteen cases had radiological evidence of a cerebral space-occupying lesion in association with known malignancy elsewhere in the body. The diagnosis in the remaining forty-seven was based on clinical grounds. The primary sites were bronchus (forty-two), breast (seventeen), melanoma (four), bowel (three) and miscellaneous (six), with the remainder (eighteen) unknown. 76% of supratentorial metastases were detected by scanning, compared with 35Y/ of infratentorial deposits. Multiple shadows were seen in fourteen cases, or 23% of the positive scans, this appearance immediately suggesting metastases. In three instances the area of increased radioactivity did not correspond with the clinically suspected site of the lesion, and this was regarded as circumstantial evidence in favour of more than one cerebral deposit.
The results obtained in twenty-two patients with miscellaneous histologically proven cerebral tumours are also shown in Table 1 . In addition there were a further twenty-one cases in which no histological proof of tumour type was obtained due to either surgical inaccessibility, or malignancy on clinical and radiological grounds, or refusal of operation by the patient. When all 204 tumour cases are considered, positive scans for neoplasms in the supratentorial compartment were obtained in 745/ as opposed to 41%o for those situated below the tentorium (Table 2 ). It is interesting that of twentytwo neoplasms which had recurred at varying intervals after surgery, no less than twenty were revealed by scanning. Table 3 gives the findings in various vascular disorders. The label 'stroke' refers to patients who suffered a single episode of hemisphere dysfunction with prolonged or poor recovery. Two were proved to have intracerebral haematomas and four sustained infarcts as evidenced by internal carotid occlusion on angiography. No attempt has been made to classify the remainder as infarcts or haemorrhages in view of the difficulty this may entail without adequate pathological study. Although the numbers are small, it can be seen that the incidence of positive scans is very much higher in the early weeks following a stroke, than in the later months. No positive studies were found in patients with chronic symptoms from diffuse cerebral arteriosclerosis or those subject to transient ischaemic attacks.
Vascular lesions
Miscellaneous cerebral disorders It can be seen from Table 4 that the vast majority of the remaining scans were negative. Carotid angiography was performed on half the cases of migraine with a normal result in each instance. Most of the patients with epilepsy had either developed fits late in life or the history and electroencephalographic findings suggested a focal origin for their attacks. Amongst these, only one positive scan was found. The patient concerned, whose scan showed an area of increased uptake in the right hemisphere, had left sided focal fits and a normal right carotid angiogram. Unfortunately, she failed follow-up and we are not in a position to know whether or not this was a false positive result. The presence of cerebral atrophy in the group labelled presenile dementia was confirmed by air studies in every case.
The four positive scans in the miscellaneous group were due to single examples of tuberculoma, haemangioma of the orbit, fibrous dysplasia of bone and an arachnoid cyst at the site of a previously removed meningioma. The last of these is probably a false positive from the previous surgery, since two other cases of arachnoid cyst gave negative results. The remaining patients in this group with negative or equivocal scans had a wide spectrum of cerebral disorders including benign intracranial hypertension, Parkinson's disease, encephalopathies and encephalitis, and various degenerative disorders. In addition there were twenty-nine patients in whom the possibility of cerebral metastases or recurrence of a previously excised tumour was not substantiated by the subsequent clinical course. The typical appearance produced by previous craniotomy, namely thickening of the vault shadow on the anterior or posterior view, in association with diffuse patchy uptake in the lateral scan, was seen in fourteen cases. It was most prominent in the first few months following surgery, but in one patient was still visible after 3 years. Diagnostic burr holes produced typical elliptical shadows in nine further instances. 
Discussion
The value of brain scanning in cerebral tumour diagnosis is well established (Brinkman, Wegst & Kahn, 1962; Bucy & Ciric, 1965; Bull & Marryat, 1965; Gold & Loken, 1969; . It gives a particularly high incidence of positive results in meningiomas and malignant neoplasms, both of which take up isotope avidly (Forster & Bethell, 1969) . Nevertheless, the large proportion of negative and equivocal results (32% in this series compared with 10O for angiography in 115 cases in which this investigation was also carried out) leaves room for concern. By contrast we found only three examples of tumour detection by scanning in the face of completely normal angiography.
The reasons why certain tumours fail to be visualized by scanning are worth considering. It is known that cerebral neoplasms take up isotope in proportion to their blood supply (Cohn & Soiderer, 1969) , so that the detection rate is lower in those which are avascular. Other less well understood factors concern the distribution of the radioactive substance in the individual neoplastic cells and the surrounding interstitial tissue (Jackson, Corson & Dick, 1967; Tator, Morley & Olszewski, 1965) . Both the size and the site of the lesion, whatever its nature, are also relevant. The resolving power of the scanner is such that it will not detect areas of increased radioactivity which are less than 1 cm in diameter. Also the scanning probe is so constructed that tumours lying outside its plane of focus are less likely to cast a shadow on the scan. The same is true oflesions which are obscured by such normally radioactively dense structures as bone and muscle. In consequence, tumours lying in the midline, at the base of the brain, or in the posterior fossa, have a comparatively low rate of detection (Du Boulay & McAlister, 1970; McAfee & Taxdal, 1961; Overton et al., 1965b) . In order to improve the results in infratentorial scanning, Witcofski & Roper (1965) have recommended that the scanning probe should be tilted to 'open up' the posterior fossa, and the use of vertex views is advocated by Overton et al. (1965a) . There is less of a problem in childhood when most cerebral tumrnours lie in the posterior fossa, because the occipital muscles are smaller (Samuels, 1968) . It may be said at this stage that the only limitation of brain scanning in children, is the inability of the younger ones to keep still for the requisite period. This difficulty may be overcome by using a gamma-camera with its much shorter exposure time, although the proportion of tumours detected tends to be slightly lower with this method.
As we have indicated above, a considerable proportion of patients who suffer cerebral hemisphere infarction or haemorrhage will have a positive scan. It has been shown by Glasgow et al (1965) and by Marshall & Popham (1970) that the highest incidence of abnormal scans occurs 2-4 weeks after a stroke, and there is a progressive return to normal over the ensuing months. Unfortunately it is also true that the scan appearance of hemisphere vascular damage cannot be distinguished from that of a glioma or metastasis. Consequently before any pathological reliance can be placed on the result it may be necessary to repeat the investigation after the lapse of some weeks to prove that the lesion is resolving. By this time the clinical course has usually resolved any diagnostic doubts. Patients with transient ischaemic attacks have normal scans, and this investigation is only of value in that a negative result gives some reassurance in the differential diagnosis from tumour in doubtful cases. The possibility of extracranial vascular surgery in this condition demands angiography and the same argument applies to arteriovenous malformations, even though the latter are frequently revealed by scanning (Budabin, 1967) . Berry aneurysms are seldom of sufficient size to be picked out on the scan, although the brain damage caused by haemorrhage from them may be revealed. In subdural haematoma above all other vascular conditions, scanning is invaluable. The vast majority can be recognized by the characteristic crescent-shaped area of increased radioactivity (Allen et al., 1967; Morrison et al., 1965;  Witcofski, Maynard & Roper, 1967) . As many of the affected patients are elderly and arteriosclerotic it has superceded angiography as the investigation of choice in this condition.
Although the majority of positive scans are found in neoplastic or vascular disease, some result from other less common conditions. Apart from those already mentioned, intracerebral abscesses (Gillingham & Donaldson, 1968) and leukaemic deposits (Davis et al., 1966) have been reported.
It is the contrast in uptake of isotope between focal lesions of whatever sort, and the remaining normal brain which leads to the abnormal shadow on the scan. Generalized cerebral disorders either show no change in this respect, or the alteration in radioactivity is so diffuse that no characteristic picture emerges. The chief advantages of brain scanning lie in absence of morbidity and in accurate localization, in both of which features it is superior to angiography and ventriculography. On the other hand, with a few exceptions, it fails to give any accurate idea of the underlying pathological process.
Its main application is in the field of tumour diagnosis, and it is unfortunately true that many different types of neoplasms fail to be shown by brain scanning. Consequently, it is when it is used in conjunction with longer established neuroradiological procedures that radioisotope brain scanning is found to be of greatest value.
